Introduction
============

The strengthening of scientific competences during the undergraduate medical education is an aspect supported amongst others by the German Council of Science and Humanities \[[@R1]\], \[[@R2]\], \[[@R3]\], \[[@R4]\], \[[@R5]\], \[[@R6]\], \[[@R7]\]. "Scientific competences include knowledge, skills, and attitudes that are necessary for understanding, assessing, applying, and documenting scientific concepts, methods, and findings and for an active involvement in the medical learning process and the assurance of its quality" \[[@R1]\]. Besides the role of the scholar, the National Competence Based Catalogue of Learning Objectives for Undergraduate Medical Education (NKLM) has also defined medical scientific skills as learning objectives \[[@R7]\]. In order to manage the vast volumes of information \[[@R8]\] in the medical field, the training of generic scientific skills is required for the critical assessment of new developments in diagnosis and therapy. Fundamental methodical and scientific competences constitute a precondition for the application of evidence-based medicine (EBM) to ensure an optimum degree of patient care. These form the basis for the prompt and comprehensive integration of scientific knowledge into everyday medical care.

A number of reviews on the teaching of medical scientific competences for students in the clinical phase of their undergraduate training and for resident physicians have meanwhile been published \[[@R9]\], \[[@R10]\], \[[@R11]\], presenting for example learning objectives, teaching methods, and evaluations of individual teaching courses or lecture series, e.g. for evidence-based medicine \[[@R12]\], \[[@R13]\]. Single courses for teaching scientific competences should be presented together in an integrated longitudinal coordinated curriculum.

The so-called "Research Skill Development Framework" \[[@R14]\] defines a variety of competence levels in relationship to various facets of research (e.g. the retrieval or communication of scientific information) and the degree of the student's autonomy (e.g. with guidance or on his/her own). One concept for the development of curricula that has proven its worth is the model proposed by Kern et al. (2009) \[[@R15]\]. This model distinguishes six separate steps:

problem identification and general needs assessment,targeted needs assessment,target the curriculum by setting goals and objectives,selection of educational strategies,implementation of the curriculum, andevaluation.

The further development of the longitudinal science curriculum at the Medical Faculty Mannheim at Heidelberg University thus started with a systematic and comprehensive inventory \[[@R16]\], \[[@R17]\], \[[@R18]\], \[[@R19]\] of the teaching of scientific competences and skills (needs assessment) and the definition of science learning objectives (setting goals and objectives). These project stages are presented in the following paper.

Project description
===================

The first step was to set up a task force titled "Wissenschaftsstrang" (Scientific Curriculum), involving basic researchers, clinicians, medical training experts, and students' representatives. This task force defined the specific project stages, as presented in Figure 1 [(Fig. 1)](#F1){ref-type="fig"} and described in the following: First, the precondition for the systematic development of a longitudinal science curriculum was established in the first half of 2014 by identifying and systematically recording all courses for the teaching of scientific competences in the Mannheim Reformed Curriculum of Medicine (MaReCuM). Two project co-workers independently documented teaching courses in which scientific competences were taught. Two different methods were used to record the courses: one project co-worker diagonally scanned module profiles and teaching materials that had been placed at the students' disposal on the MaReCuM learning management system. She also ran a search routine through these materials, using keywords such as "science", "research", "studies". Another member of the project team of the MERLIN working group \[[@R20]\] reviewed the match between learning objectives from module profiles of the courses of the MaReCuM programme with the NKLM learning objectives defined in chapters 6 and 14a \[[@R7]\]. The two co-workers then compared their results.

After that an online survey was conducted: All medical directors, module coordinators, and members of the faculty that were responsible for single subjects in the MaReCuM programme (N=75) were asked to answer the following questions: Where and which scientific competences are taught in MaReCuM (open question)? Which scientific competences are important for medical graduates at the start of their professional career, regardless of the working environment (closed question)? Figure 2 [(Fig. 2)](#F2){ref-type="fig"} shows the possible answers (boxes below the figure). These were developed in accordance with the NKLM, chapter 14a "Medical scientific skills". The closed questions were evaluated descriptively (percentage of agreement to the answer options), while the open question was evaluated using a qualitative content-analysis method \[[@R21]\]. The evaluation of the open question of the expert survey was used to validate these answers and, wherever necessary, to add missing courses.

This evaluation process was followed by mapping a structure of the inventory on the basis of the learning objectives as prioritized by the experts (see Figure 2 [(Fig. 2)](#F2){ref-type="fig"}). The course contents from the different study years were assigned to the three learning objectives given the highest priority. The use of hyperlinks enabled both a compressed and a detailed presentation on the contents of the teaching courses at various levels of abstraction. At the end of the process, the final inventory was re-reviewed with one student representative from each of the five study years.

Results
=======

43 persons took part in the online survey (response rate = 57%). 95% of the participants stated that they were engaged in research, either in natural science, theoretical clinical research, or the practical clinical research (5% of the participants were not engaged in research).

Figure 2 [(Fig. 2)](#F2){ref-type="fig"} shows that the learning objectives

\(1\) Systematic collection of information on the current state of research,(2) Critical appraisal of scientific information and sources, and(8) Presentation and discussion of scientific results

were rated as being "very important" or "important".

Both project co-workers arrived at almost the same results regarding the inventory. The discrepancies were then discussed and consensus was reached on the inventory. The results of the expert survey reflect the consensus reached on the results. The students in the various study years also confirmed the results of the inventory. The analyses of the open question showed that there was a lack of teacher training for special teaching methods in the science curriculum.

Figure 3 [(Fig. 3)](#F3){ref-type="fig"} shows the results of the inventory of the science curriculum. In general, there is an implicit longitudinal science curriculum that can be identified, one that has evolved from self-interests of faculty staff in different medical fields. Overall, the inventory shows that all learning objectives of the NKLM chapters 6 and 14a have been thematized in the MaReCuM programme. The science learning objectives prioritized by the staff responsible for the undergraduate training are longitudinally addressed in the MaReCuM programme over all five years. Regarding learning objective (1), i.e. the systematic collection of information on the current state of research, it is apparent that instruction in research training is given by library co-workers in the first and third years of study. In the clinical study phase, each student is required to carry out independent literature searches for papers, case presentations, and journal clubs (whereas in the preclinical phase the materials for the presentation papers are supplied to the students). Regarding the achievement of learning objective (2), i.e. the critical appraisal of scientific information and sources, in the preclinical phase the theoretical principles for the design of experiments and statistics are taught in the courses "Biomathematics", "Medical Psychology", and "Ethics", with deeper immersion into the contents following in various courses during the clinical study phase. Students are taught how to perform, record, and evaluate laboratory experiments in the basic courses in the preclinical phase. In a number of courses in the clinical phase, students are taught in the collection and evaluation of patient data using standardized measurement instruments, e.g. in the context of a pain study in the module "Primary patient care".

The aspects of EBM and the analysis of studies are thematized in a variety of courses spread over the whole programme of medical undergraduate training. In this regard, for example, parts of studies or complete studies are dealt with during the courses, or the applicability of guidelines is critically discussed on the basis of specific patient cases. Learning objective (3), the presentation and discussion of scientific results, is addressed in the preclinical phase in various courses on pathobiochemistry in the second and third study year, and also in a course in the module "Injuries, degenerative diseases, rehabilitation" in the fourth study year in the form of a presentation of a research paper by each student. The preparation and review of a poster presentation takes place in the module "Society and health" in the third study year. Students have to present an abstract on a paper in the module "Primary patient care" in the fifth study year.

Discussion
==========

The teaching of the principles of scientific thinking and working in the undergraduate training of medicine is recommended by the German Council of Science and Humanities as well as by a number of medical professional associations. As we have been able to show, the teaching of scientific skills and competences is already an essential part of the MaReCuM.

The MaReCuM teachers in the survey prioritized the following learning objectives: "Systematic collection of information on the current state of research", "Critical appraisal of scientific information and sources", and "Presentation and discussion of scientific results". These learning objectives are also emphasized in the international context \[[@R22]\]. The NKLM \[[@R7]\] and various international frameworks \[[@R23]\], \[[@R24]\] emphasize the importance of generic skills and competences regarding the information retrieval and the critical discussion of ethics, statistics, and study designs in the scientific context. The learning objective "Dissemination of research results" is prioritized in the NKLM and in two other frameworks \[[@R23]\], \[[@R24]\]. AMEE Guide No. 69, "Developing research skills in medical students", for example, specifies the search for and the application and communication of evidence-based knowledge as learning objectives \[[@R25]\]. Furthermore, a recent survey conducted among students of medicine suggests that especially the learning objective regarding the critical appraisal of scientific information and data sources should be facilitated during the course of undergraduate training: only 28% of the students think that their undergraduate training prepared them sufficiently for interpreting research results, although precisely this is one of the competences they expect to acquire \[[@R26]\].

The inventory has succeeded in revealing an implicit (naturally emerging) science curriculum that can now be further developed to an integrated longitudinal curriculum. The next steps must be to select teaching methods and to implement and evaluate training programmes \[[@R15]\]. The teaching courses should be aligned with each other both in terms of their contents and their timing, redundances should be eliminated, and gaps in the curriculum should be closed. In the clinical subjects, for example, basic principles regarding clinical guidelines (e.g. guidelines levels of evidence) are taught over and over. These basic concepts are going to be taught one time in the beginning of the clinical phase. Specific guidelines will be thematized in the individual subjects in the subsequent courses. We are going to use well-established teaching methods for facilitating evidence-based medicine \[[@R12]\], \[[@R27]\], \[[@R28]\]. The current reformation of the clinical phase in undergraduate training -- MaReCuMplus -- opens the opportunity to adapt the existing courses.

As recommended by the Research Skill Development Framework \[[@R14]\] the learning objectives of the longitudinal scientific curriculum should be interdependent and be based on each other, like in a learning spiral \[[@R29]\]. Students should apply scientific principles of medicine more frequently in the clinical context. At the same time, we are pursuing the aim of integrating these learning objectives, e.g. research aspects and scientific working techniques and evidences, into already existing courses wherever possible \[[@R3]\]. In this regard, the "Science Curriculum," task force has recommended to particularly emphasise the following NKLM learning objectives (chapter 14a): definition of research questions, generation of strong hypotheses according to the current state of knowledge (14a.2.1.5), the interpretation and presentation of results of statistical hypothesis testing (14a.3.1.2), and the critical discussion of the significance of scientific results from the methodological perspective (14a.3.1.3). The constructive alignment, i.e. the coordination of learning objectives, teaching methods and assessment, plays a central role \[[@R30]\], \[[@R31]\], \[[@R32]\].

In the winter term 2015/16, a new certificated module named "Principles of Scientific Method" concluding with a graded research project was introduced. The research project can be started at any time of the course of studies but must be submitted at the latest four months before the second state examination. Eligible are experimental or non-experimental research projects from the entire spectrum of medicine, including the basic sciences. As a measure to prepare students for their research project, the courses "Critical assessment of scientific evidence", "Good Scientific Practice: Procedure in the case of misconduct", "Scientific writing", "Applying for grants and animal testing", and "Clinical trials, Approval of the Ethical Review Board, Data protection, Patent-protection law" have been integrated in the curriculum of the third study year.

MaReCuM teachers provided a toolbox with recommendations and tips on the issue of science teaching to improve the structured teaching of scientific competences and to enhance the diversity of teaching methods \[[@R33]\].

The working group is going to enhance the visibility of the science curriculum, to define implementation and communication strategies, to coordinate the teaching activities, to provide resources, and to review the efficacy of the science curriculum.

The quality of the structure, procedure, and results of science teaching including the newly introduced "Principles of Scientific Method" module with an obligatory research project will be monitored on the basis of systematic evaluations. The levels of the Research Skill Development Framework will be applied for measuring the (changes in the) scientific competence \[[@R14]\].

Limitations
===========

The experts addressed in the online survey were all members of the MaReCuM teaching staff. It cannot be excluded that other faculties would have set different priorities regarding the learning objectives. In addition, almost all respondents pursue research activities besides their clinical occupation. For this reason, it remains unanswered if clinicians involved solely in patient care may have prioritized the learning objectives differently.

The inventory was recorded using written teaching materials and on the basis of available module profiles. There was no actual review of the science teaching in real life. Hence we cannot exclude the possibility that essential teaching contents that are not documented are missing from the inventory. However, the alignment with the contents stated by the teaching staff in the course of the survey and the review of the details provided by the students of all study years shows that we have succeeded in recording all major issues.

Conclusions
===========

The structured inventory and prioritization of science learning objectives form the basis of the further development of the curriculum: thus it was possible to reveal and communicate an implicit curriculum. The development of the curriculum, however, constitutes a comprehensive and constantly ongoing process that requires the cooperation of many different faculty members. Change management processes must be initiated. A broad variety of measures must be considered in the development of structured longitudinal science curricula. It is essential that a central project coordination team is established to take responsibility for planning, coordinating and reviewing these measures.
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